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Sir: 



follows 



I, Menachem RUBINSTEIN, declare and state as 



I am a co-inventor in the above-identified 
application and my educational and professional experience is 
presented in the curriculum vitae attached hereto. 

I understand that the examiner has made an 
enablement rejection and has stated that, while the 
specification teaches leptin inhibiting angiogenesis in ob/ob 
mice, there is no guidance or any other example that leptin 
would inhibit angiogenesis in a normal mammal. Thus, the 
examiner takes the position that one of skill in the art is 
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not enabled for inhibiting angiogenesis in maminals that are 
normal and not ob/ob. 

The examiner' s logic in the lack of enablement 
rejection however is faulty. One of the most convincing ways 
to prove the function of any given protein is to generate a 
knockout mouse, which is unable to express this protein. It 
is then customary to administer this protein in order to show 
that its biological activity is restored. There is a vast 
body of scientific literature, which is based on this paradigm 
and it is an accepted method by virtually all life scientists. 
Although fa/fa rats and ob/ob mice are phenotypically 
analogous, it is well established that ob/ob mice can be cured 
by exogenous administration of leptin, whereas fa/fa rats do 
not respond to leptin whatsoever. Therefore, the two rodent 
models differ phenotypically in the most relevant issue in the 
present application, i.e., response to leptin. 

The ob/ob strain is a spontaneously generated leptin 
knockout mouse. It has a single point mutation in the 
leptin gene, which disrupts its open reading frame, 
resulting in leptin deficiency. Otherwise, this strain is 
genetically perfectly normal. The experimental results 
presented in the instant application demonstrate that the 
addition of leptin to a leptin-def icient (ob/ob) mouse 
resulted in induction of angiopoietin 2 and inhibition of 
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angiogenesis in its adipose tissue. As discussed above, this 
proves the antiangiogenic function of leptin in adipose tissue 
(It should be noted that angiopoietin 2 acts differently in 
the presence or absence of VEGF, where in the absence of VEGF, 
it will induce vascular regression and endothelial cell death, 
as shown in Fig. 2 of Hanahan, Science 27 7 ( 5322 ): 4 8 -50 (1997), 
a copy of which is attached) . However, in the case of a 
normal mouse (not leptin-def icient ) , the administration of 
leptin to a normal mouse is like bringing coal to Newcastle. 
It would make a little or no difference since normal adipose 
tissue makes its own leptin. 

The Cao et al . reference cited by the examiner 
demonstrates that leptin induces capillary growth in the 
cornea model, although less than VEGF (Fig, 1) . In the 
adipose tissue, absence of leptin in ob/ob mice reduced the 
extent of fenestration as compared with wild type mice (Fig. 
3) - The extent of fenestration induced by VEGF in the cornea 
is greater than that induced by leptin (Fig 2), yet leptin 
induced more leakage (Fig,4). Fenestration and capillary 
growth are two distinct processes. Cao et al. however did not 
measure capillary growth in the adipose tissue, but rather 
explained their observation of fewer capillaries in the 
adipose tissue of ob/ob mice as an outcome of larger adipocyte 
size and not due to lack of leptin (see page 6932, second 
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column, first paragraph) , Thus, Cao certainly does not teach 
or suggest that leptin induces capillary growth in adipose 
tissue, as asserted by the examiner. 

In conclusion, one of skill in the art would indeed 
be enabled for inhibiting angiogenesis in mammals as presently 
claimed . 

The undersigned declares further that all statements 
made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be 
true; and further that these statements were made with the 
knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Blood vessels are constructed by 
two processes: vasculogenesis, 
whereby a primitive vascular net- 
work is established during em- 
bryogenesis from multipotential 
mesenchymal progenitors, and 
angiogenesis, in which preexisting 
vessels (both in embryo and adult) 
send out capillary sprouts to pro- 
duce new vessels (1-3). Endothelial 
cells are centrally involved in each 
process: They migrate and prolifer- 
ate and then assemble into tubes 
with tight cell-cell connections to 
contain the blood, Peri-endotheUal 
support cells are recruited to encase 
the endothelial tubes, providing 
maintenance and modulatory func- 
tions to die vessels; such cells in- 
clude pericytes for small capillaries, 
smooth muscle cells for Larger ves- 
sels, and myocardial cells in the 
heart. 

The establishment and remodel- 
ing of blood vessels is controlled by 
paracrine signals, many of which are 
protein ligands that bind and modu- 
late the activity of transmembrane 
receptor tyrosine kinases (RTKs). This real- 
ization has emerged from the discovery and 
analysis of RTKs expressed on endothelial 
cells and of their ligands. Our basic view of 
RTK signaling has come from studies (per- 
formed largely in fibroblasts) of ligand-de- 
pendent autophosphoryiation and activa- 
tion of the branched Ras pathways. The re- 
sults suggest that most RTKs are similarly 
coupled into the intracellular signal trans- 
duction cascade and are capable of inducing 
cell proliferation. However, the lessons from 
endotheUal cells present a far more compli- 
cated picture. This complexity is highlighted 
by an article in this issue (4, page 55) of a 
ligand, called angiopoietin-2 (Ang2), that 
interferes with the kinase activity of an en- 
dothelial cell-selective RTK named Tie2. 
Remarkably, this inhibition of TieZ kinase 
activity does not block endothelial cell pro- 
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Fig. 1. Lessons from gene-knockout mice. The endothelial 
celi-selective RTKs VEGF-R1 , VEGF-R2, Tie1, arid Tie2 have 
all been ablated in gene-knockout mice. Each RTK knockout 
produced embryonic lethality with vascular defects. Hov^- 
ever. their distinctive phenotypes indicate that each of these 
tyrosine kinases controls a specific, complementary function 
in endothelial ceils that collectively can account for a signifi- 
cant part of endothelial cell morphogenesis into functional 
vessels. See (22) for receptor structures. 

liferacion and angiogenesis, but rather facili- 
tates it. 

TieZ has two ligands, Aiagl and AngZ, 
Another major regulator of vasculogenesis 
and angiogenesis is vascular endothelial 
growth factor ( VEGF, also called vascular per- 
meability factor, VPF). VEGF signaling is it^ 
self mediated by two other endothelial cell- 
selective RTKs, called VEGF-Rl and VTiGF> 
R2 (Fltl and Flkl/KDR, respectively). 

VI ice carrying homozygous disruptions in 
the two highly homologous VEGF receptors 
die in mid -gestation of acute vascular de- 
fects, implicating each in vasculogenesis and 
developmental angiogenesis. However, the 
phenotypes are distinct — ^and instructive 
(see figure 1). VEGF-R2 knockout mice, 
which die by embryonic day 8.5 (E8.5), lack 
both endothelial cells and a developing he - 
matopoietic system, implicating VEGF as a 
signal in die determination first of a hemato- 
angioblast progenitor and then of endothe- 
lial cells (5)- In contrast, VEGF-Rl knock- 
out mice, which also die around E8.5, have 
normal hem.atopoietic progenitors and 



abundant endothelial cells, which migrate 
and proliferate but do not assemble into 
tubes and functional vessels (6). Thus, these 
highly homologous RTKs send distinctive 
signals in endotheUal cells. 

" TieZ knockout mice die somewhat later 
in embryogenesis (E9.5 to El 0.5). The 
TieZ null phenotype is distinct from that of 
the VEGF receptor knockouts and is also 
informative. Endothelial cells are present 
in normal numbers and are assembled into 
tubes, but the vessels are immature, lacking 
branching networks and proper organiza- 
tion into large and small vessels (7, 8), 
There is also an absence of the 
angiogenesis that vascularizes the 
neuroectoderm by capillary sprouting 
from the primitive vascular network (oi 
plexus). Notably, the vessels that do forir 
lack an intimate encapsulation by peri- 
endothelial support cells. In the heart 
the endocardium and myocardium do noi 
show tight association and scructura 
complexity; rather, the endocardial cell: 
have aberrant, rounded shapes, are onb 
loosely attached to the surrounding base 
ment membrane, and in many location; 
are disconnected from myocardial cells 
Similar defects in vessel architecture ar« 
evident in other tissues. Thus, the Tie. 
tyrosine kinase appears to control the ca 
pability of endothelial cells to recrui 
stromal cells to encase the endothelia 
tubes so as to stabilize the structure an; 
modulate the function of blood vessels. 

The fourth endothelial cell-selectiv 
RTK, Tie 1 , IS remarkably similar in struc 
ture to TieZ and appears to control an 
other aspect of vessel integrity. Knockoi 
mice lacking Tiel die over a variable pt 
riod, ranging from E14.5 to birth, of edem 
and hemorrhage, implicating the Tiel sigm 
in control of fluid exchange across capillaric 
and in hemodynamic stress resistance (8, 9 
New insights into the surprising concei; 
that the TieZ RTK is primarily coupled int 
a signal transduction circuit that elicits ve; 
sel maturation and maintains vessel integril 
comes from functional analyses of tl 
angiopoietins that bind to TieZ and modi 
late its activity (4, 10,11 ). The TieZ liganc 
Angl and AngZ are both -'75-kD secrett 
proteins with considerable sequence home 
ogy; each contains a coiled-coil and a i 
brinogen-like domain. Both bind to the Tit 
receptor with similar affinity, and neith 
binds to the related receptor Tiel. Yet the 
effects on TieZ are distinctive, as are the 
expression patterns in the mouse. Angl i: 
duces autophosphoryiation of TieZ in ci 
tured endothelial cells. In marked contra: 
AngZ, which binds with similar affinity, do 
not induce receptor phosphorylation . Rath( 
it can competitively inhibit Angl — induc' 
kinase activation of the TieZ receptor. Th 
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Ang2 presents a negative signal to Tie2, a 
remarkable observation given its high ho- 
mology to Ang l . 

Moreover, this distinctive effect is appar- 
ently endothelial cell-specific. If a modified 
TieZ is forcibly expressed in 3T3 fibroblasts, 
both Angl and Ang2 induce receptor phos- 
phorylation and yet do not stimulate fibro- 
blast proliferation. Similarly, Angl -induced 
autophosphorylation of TieZ does not affect 
endotheiial cell growth in culture, cons is ~ 
tent with the TieZ knockout phenotype, 
which indicated that TieZ is not required 
for endothelial cell proliferation during 
vasculogenesis. Functional studies in trans- 
genic and gene-knockout mice support the 
notion that Angl signals TieZ to recruit 
support cells, and that AngZ inhibits this 
capability. Gene-knockout mice that lack 
Angl die with similar vascular defects to the 
TieZ knockout mice (J J). Transgenic mice 
over expressing the negative ligand AngZ in 
endothelial cells also die during embryogen- 
esis, again with similar vascular defects (4). 
Thus, overexpression of AngZ phenocopies 
loss of Angl expression, consis- 
tent with their opposite activi- 
ties. Collectively, the data argue 
that Angl is the major physi- 
ological ligand for TieZ's func- 
tional role in recruiting and sus- 
taining peri-endothelial support 
cells, whereas Ang2 serves to 
block this function, thereby re- 
laxing these intimate and critical 
associations. 

Why then does AngZ exist? No 
doubt the AngZ gene -knockout 
phenotype will prove illuminat- 
ing. Meanwhile, tlie prevailing 
evidence suggests that AngZ al- 
lows vascular remodeling, and in 
particular angiogenesis, processes 
that may be restricted by the en~ 
capstdation with basement mem- 
brane and peri-endotheiial support 
cells. The clues come from the ex- 
pression patterns of Angl and 
AngZ. 

Angl is widely expressed both 
in the embryo and in the adult (4, 
10). AngZ is also widely expressed 

in the embryo. However, its ex- 
pression pattern in the adult (in a 
limited survey) is provocative: 
AngZ is selectively expressed in 
ovary, uterus, and placenta, the 
three tissues subject to physiologi- 
cal angiogenesis (4). The possible 



these stages was compared to that of Angl 
and VEGF. In early follicles, the vasculature 
is quiescer\t, and Angl is expressed, with 
little or no VEGF or AngZ expression. In late 
pre-ovulatory follicles and in the postovulatory 
corpus luteum, where angiogenesis is ongoing, 
both \'^GF and Angl are up-regulated, while 
Angl expression persists. Notably, AngZ ex- 
pression appears punctate, or focal. Finally, in 
nonproductive follicles, which sho^^' vascular 
regression, AngZ is expressed at uniformly high 
levels, provcK:atively in the absence of VEGF 
expression. 

These pattenis of expression, when con- 
sidered in the context of the lessons from the 
various gene-knockout pheno types (see Fig. 
1 ) , collectively suggest a model for control of 
vasculogenesis, vessel maturation and main- 
tenance, angiogenesis, and regression, as il- 
lustrated in Fig. 2- The Angl/TieZ circuit 
appears to mediate vessel maturation from 
simple endothelial tubes into more elaborate 
vascular structures composed of several cell 
types, and the maintenance of those vessels 
via the cell-cell and cell-matrix associations 



that produce them. Consequently, Angl may 
also help preserve endothelial cell quies- 
cence. Focal expression of AngZ evidently 
blocks the Angl/TieZ signal, resulting in a 
loosening of this tight vascular stmcture and 
thereby exposing the endothelial cells to ac- 
tivating signals from angiogenesis inducers, 
including VEGF. If VEGF (or another 
angiogenesis inducer) is present, the endo- 
thelial cells become activated to migrate and 
proliferate, producing new capillary sprouts 
and in turn tubes. One can en vision that the 
more uniform presence of Angl allows a shift 
in the local balance of Angl /AngZ back in 
favor of Angl , to effect maturation and stabi- 
lization of the newly formed vessels. Thus, 
there appears to be a collaboration between 
VEGF, /AngZ, and Angl to elicit angiogenesis. 
In contrast, vascular regression is associated 
widi very high-level expression of AngZ in the 
absence of the activating (sur\''ival) signal from 
VEGF, presumably overwhelming the Angl 
signal and thereby producing catastrophic de- 
tachment from matrix and support cells, most 
likely with consequent apoptosis. 
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association of AngZ with adult 
^i^glogenesis was investigated dur- 
ing ovulation, which is marked by 
distinctive phases of vascular qui- 
escence, angiogenesis, and vascu- 
lar regression. Ang2 expression in 



Fig. 2. Regulation of vascular morphogenesis, maintenance, and remodeling by RTKs and their 
ligands. A mode! for regulation of the vascular endothelium manifested by the prototypical angiogenesis 
factor VEGF and a nev^y class of angiogenic regulators, Ang1 and AngS. All three ligands bind to RTKs that 
have similar cytoplasmic signaling domains. Yet their downstream; signals elicit distinctive cellular re- 
sponses. Only VEGF binding to the VEGF-R2 sends a classical proliferative signal, When first activated in 
e.mbryogenesis, this interaction induces the birth and proliferation of endotheiial cells. In contrast, VEGF 
binding to VEGF-R1 elicits endothelial cell-cell interactions and capillary tube formation, a process that 
follows closely proliferation and migration of endothelial cells. Ang1 binding to the Tie2 RTK recruits and 
likely maintains association of peri-endotheliai support cells (pericytes, smooth muscle cells, 
myocardlocytes), thus solidifying and stabilizing a newly formed blood vessel. The nevAy discovered Ang2, 
although highly homologous to Ang1, does not activate the Tie2 RTK; rather, it binds and blocks kinase 
activation in endothelial cells. The Ang2 negative signal causes vessel structures to become loosened, re- 
ducing endothelial cell contacts with matrix and disassociating peri-endotheiial support cells, This loosening 
appears to render the endothelial cells more accessible and responsive tov^ard the angiogenic inducer 
VEGF (and likely to other inducers). Finally, Ang2 is expressed at uniformly high levels in vascular regression 
in nonproductive ovarian follicles; the lack of VEGF coexpression suggests that loosening of celi-matrix inter- 
actions in the absence of a growth or survival signal elicits endothelia! cell death, likely by apoptosis. No 
doubt additional factors play into these distinctive states, including the emerging class of angiogenesis in- 
hibitors that directly block endotheiial cell proliferation and migration. 
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The work by Maisonpierre et aL (4) intro- 
duces an inhibitory ligand, Ang2, for the 
Tie2 regulatory RTK that normally helps 
maintain vascular integrity. A model is 
emerging of a regulatory mechanism through 
which blood vessels are constructed, main- 
tained, remodeled, and eliminated. Other 
factors are also involved, during embryonic 
vasculogenesis and angiogenesis, and for 
physiological and pathological angiogenesis 
in the adult. For example, gene-knockout 
mice have also implicated a G protein- 
coupled receptor in vascular regulation, be- 
cause in the absence of G,J3, embryos die at 
ES.5 to E9.5, with defects in vascular assem- 
bly and angiogenesis (12), Moreover, a re- 
ciprocal paracrine signal has been revealed 
by gene-knockout mice that lack the genes 
for neuregulin, which is expressed in the 
endocardium of the heart, and the ErbB-2/ 
3/4 RTKs, which are expressed in myocar- 
dium. Knockouts of this ligand or of its re- 
ceptors produces defects in the developing 
heart analogous to those observed when 
Angl or Tie2 is missing ( J 3-1 6). A similar 
role is suggested by gene-knockout mice 
for platelet -derived growth factor and its 
receptors in other tissue vasculature (17, 
18), Furthermore, there is clear evidence 
in tbe adult for additional angiogenesis in- 
ducers and for an increasing number of 
angiogenesis inhibitors that act directly on 
endothelial cells {19-21). Thus, regula- 
tion of angiogenesis in ovulation and im- 
plantation, • in wound healing, and in 
chronic pathological situations such as tu- 
mor progression will indeed be complex, 
but tractable using the power of animal 
models. 

Thar complexity notwithstanding, the 
evidence is compelling that VEGF and the 
angiopoietins, and their cognate receptors, 
are critical components of the vascular regu- 
latory machinery. It will be of particular in- 
terest to establish the possible contributions 
of AngZ ro rumor angiogenesis, whereby the 
quiescent vasculature (likely maintained in 
part by Angl/Tie2) is activated to elicit and 
chronically effect the angiogenic phenotype 
that accompanies tumor growth and 
metastasis- Ang2 could well serve as an ini- 
tial angiogenic signal, locally opening up the 
vessel stmcture to allow protease degrada- 
tion of the basement membrane surrounding 
the endothelium and accessibility to that 
endothelium by angiogenesis inducers such 
as VEGF, thereby eliciting capillary sprout- 
ing and in turn new blood vessels that sustain 
a tumor as it expands. 
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Low-Energy Excitations in High- 
Temperature Superconductors 



Patrick A. Lee 



Many com.mon metals undergo a phase 
transition at some low critical temperature 

and become superconductors. This phe- 
nomenon was explained in the famed BCS 
(Bardeen-Cooper-SchrieffeT) theory (1) in 
terms of the coupling of electrons into Coo- 
per pairs. In these materials, the supercon- 
ducting ground state gains binding energy as 
a result of the pairing. It costs a finite amount 
of energy, called the energy gap, to break up 
the pairs to form excitations called quasipar- 
ticles. These are quantum mechanical super- 
posixions of the electron and the hole excita- 
tions of the metallic state. These quasipar- 
ticles are interesting objects in their own 
right, but at low temperatures their number is 
exponentially small, and they hardly make 
their presence felt. 

Until a decade ago, it was generally be- 
lieved that the relative angular momentum 
of the electrons in Cooper pairs is s wave. 
Consequently, the energy gap is indepen- 
dent of the momentum k of the quasiparticle. 
This independence is in contrast to the only 
other case of Cooper pairing between ferini- 
ons known at the time, namely, the super- 
fluid state in liquid ^He (2). There the pair- 
ing state is anisotropic (]> wave), and the 
energy gap may vanish along some momen- 
tum direction, Tliese nodal points in the en- 
ergy gap play an important role because qua- 
siparticles near the nodes can be created in 
large numbers and they are responsible for 
the low-temperature properties. Today the 
prevailing view is that in high-T,- supercon- 
ductors, the Cooper pairs are formed in the d- 
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wave state. The role of the quasiparticles i: 
then more analogous to that in superfluic 
■^He, and experm\enta lists are beginning tc 
study them in detail. On page 83 of this issue 
Krishana et al {3) report a particularly inter 
esting example of this class of experiments. 

Although the .s-wave BCS pairing theor 
works perfectly for practically all metalli< 
superconductors, even a decade ago then 
was suspicion that a few supercotiductors ar^ 
exceptions. The main evidence was that th' 
low~temperaturc properties are not expo 
nentially activated, pointing to the exist 
ence of nodes in the energy gap. The sus 
pected unconventional superconductor 
were the so called "heavy femlion" supercon 
ductors (4) containing rare-earth ions suci 
as Ce or U and a number of organic supercon 
ductors (5). The field of unconventional su 
perconductivity took a dramatic turn in 1 9cS 
with the discovery of high-temperature sv 
perconductivity in cuprates (6). Apart fror 
the high T., the metallic state {and to a lesse 
extent, the superconducting state) of thes 
materials is so unusual that it was wide) 
speculated that the pairing state is not th 
conventional s wave. After a number of bri 
liant experuTients (7), it is now widely a< 
cepted that the Cooper pairs in the CL^pratt 
are formed in the d-wavc symmetry. Th 
symmetry implies that the energy gap var 
ishes at four points on the Fermi surface < 
these two-dimensional materials. Froi 



An enhanced version of this Perspec- 
tive with links to additional resourees is 
available for Science Online subscribers 
at http:/7www.SGiencemag.org/. 
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